The sorption of La and Lu mixtures was examined in two bentonites after incubation 12 for three months at 20 and 80 o C with Fe(0), as a laboratory approach to evaluate the effects of 13 waste canister corrosion in a deep repository on the performance of clay engineered barriers. 14 The sorption/desorption parameters were determined from batch tests in two ionic media: 15 deionized water and, to consider the additional effect of cement leachates, 0.02 mol L −1
The Langmuir model was chosen to fit the sorption data. This model assumes that sorption 161 takes place at specific homogeneous sites, that the sorbent forms a monolayer, that interactions 162 between sorbed species do not take place, and that the sorption energy is constant over the entire 163 surface (Do, 1998 
In equation (4), C eq,i is the equilibrium concentration of solute i in a mixture of N solutes, and b i and 168 K i are empirical sorption parameters obtained from the fitting of the isotherms. The former 169 represents the maximum sorption capacity determined by the reactive surface sites in an ideal 170 monolayer system, and the latter represents the bonding energy associated with a pH-dependent 171 equilibrium constant. In addition, we plotted the sorption data in three-dimensional space, because 172 the three-dimensional fitting added information to that of the two-dimensional fitting (Yan et al., 173 2010 The sorption/desorption tests were performed in 3-6 replicates, which allowed the 178 calculation of the mean and standard deviations of the derived parameters. The sorption data fittings 179 were made using sftool (an interactive environment for fitting curves to n-dimensional data), which 180 is included in the mathematical software Lanthanide sorption was systematically higher in the FEBEX than in the MX80 bentonite in 241 the water medium, especially at the low-medium concentration range, whereas this effect was not 242 statistically significant in the Ca medium. Since the smectites in the two bentonites are dioctahedral, 243 other factors such as the smectite CEC, the sorption pH and the type of isomorphic substitutions 244 may be considered to affect lanthanide sorption. Previous studies that examined lanthanide sorption 245 in set of six smectites showed that, for smectites with similar structure, the type of isomorphic 246 substitutions and, especially, sorption pH controlled the sequence of lanthanide sorption (higher 247 sorption at higher pH values), as these two latter factors affect the availability of sorption specific 248 sites in the smectites (Galunin et al., 2010) . In contrast the CEC affected basically the ionic 249 exchange process, which is the driving force mechanism in the medium-large concentration range in 250 the water medium and in the whole range of lanthanide concentrations in the Ca medium (Galunin 251 et al., 2010). As the CEC values were sufficiently large, differences in sorption were not observed 252 here between smectites in the latter experimental setup. Regarding the role of pH, in the Ca medium, 253 since the initial pH was 7 to ensure that there were not solubility problems in the lanthanide higher-254 concentration range, the final pH after the sorption experiments was similar for both bentonites, within 255 a narrow range of 6.1-6.4. In the case of the water medium, the pH of the sorption experiments with the 256 FEBEX bentonite was 6.2-7.5, depending of the final equilibrium lanthanide concentration, whereas 257 the pH with the MX80 bentonite experiments was lower (4.7-6.9). However, there were significant K d decrease that was not related to the lanthanide concentration. 326
Thus, it was suggested that in the Ca medium, because of the strong competitive effect of Ca and 327 the partial elimination of high affinity sites in the smectites, the low affinity sites were the only ones 328 responsible for lanthanide sorption, thus leading to a further general decrease in K d . 329 Table 5 . Lu), both parameters are equally valid to describe sorption reversibility. In the Fe-treated FEBEX 372 samples in the water medium, the R des values for both lanthanides were lower than 4% even at the 373 highest initial concentrations, thus indicating that the sorption was virtually irreversible. In the 374 MX80 samples, desorption rates were higher, with a few values between 5 and 10% or higher. This 375 result indicates that lower K d values are related to a higher sorption reversibility, thus confirming 376 that these were the scenarios with the lowest lanthanide retention by the smectite. Examination of 377 the values obtained in the Ca medium for the two bentonites confirmed this trend because the 378 desorption rates were higher than in the water medium, by more than 30% in the Fe-treated MX80 379 samples. Therefore, the lanthanide sorption in the Ca medium was not only lower but also more 380 reversible than in the water medium, as was also previously found for untreated samples (Galunin et assistance in the ICP-OES analyses. XRD measurements were carried out at the CITIUS X-Ray
